INTRODUCTION
Pheochromocytomas or paragangliomas are rare neuroendocrine tumor that arise from chromaffin cells. The tumor produces catecholamines, such as norepinephrine and epinephrine, and leads to well-known clinical symptoms, such as hypertension, headache, sweating, palpitation, and orthostatic hypertension.
A pheochromocytoma or a paraganglioma that exclusively secretes dopamine is extremely rare. It is usually found at extra-adrenal sites and is diagnosed as a subtype of paraganglioma. The high dopamine level in this tumor is caused by a deficiency in dopamine-beta-hydroxylase, which converts dopamine to norepinephrine [1] . For this reason, this tumor differs from classic pheochromocytomas in many respects, not only in its clinical features but also in its oncologic aspect. Only two original articles and five case reports have reported the occurrence of dopamine secreting paragangliomas in the retroperitoneum around the adrenal glands [2] [3] [4] [5] [6] [7] [8] .
thesurgery.or.kr We experienced the first case in Korea in an asymptomatic woman. We report this interesting case and establish clinical concepts for this rare tumor by reviewing the related literature.
CASE REPORT
A 26-year-old Korean woman was referred after the accidental detection of an adrenal mass in her right side. She denied any medical history including endocrine disorders.
There was no family history of endocrine disease. She had no hypertension, palpitation, sweating, headache, flank pain, or mass upon palpation of her abdomen. tissue. An immunohistochemical study showed that the tumor was positive for neuroendocrine markers such as CD-56, synaptophysin and chromogranin. The tumor had a Ki-67 index of less than 1 percent and was negative for S-100 (Fig. 4) .
Her 24-hour urine dopamine level returned to normal (388.4 μg/day) after the operation. Her general condition was good and there was no recurrence during a 10-month follow-up.
DISCUSSION
Among the many types of paraganglioma, an exclusively dopamine producing type is extremely rare. Only seven cases are listed in the worldwide database and no thesurgery.or.kr case has ever before been reported in South Korea [2] [3] [4] [5] [6] [7] [8] .
The exclusive production of dopamine can be ascribed to a deficiency in dopamine β-hydroxylase which converts dopamine to norepinephrine in the catecholamine biosynthesis pathway beginning with tyrosine [1, 4, 8] . Because of the abnormal catecholamine synthesis pathway, the levels of dopamine and its end product, homovanillic acid (HVA), are increased, whereas the levels of norepinephrine, epi- The treatment of every adrenal tumor should involve complete surgical excision. Laparoscopic surgery is considered the standard surgical option. Hand-assisted laparoscopic surgery has been adapted for the removal of large tumors and for the rescue of operative procedures in complicated cases of laparoscopic surgery [9] .
To minimize surgical mortality caused by hypertensive crisis during the manipulation of the tumor, preoperative administration of a α-blocker is essential for norepinephrine and epinephrine producing pheochromocytomas.
However, α-blocker treatment is contraindicated for exclusively dopamine secreting paraganglioma because it can cause profound cardiovascular collapse after surgery, and can even result in death following a hypotensive crisis [8] . The explanation for this fatal outcome is as follows.
First, unlike norepinephrine and epinephrine, dopamine has no affinity for the α-receptor. Second, it has been suggested that dopamine can lower blood pressure by itself.
There are two subtypes of dopamine receptors; the D1 receptor, which relaxes smooth muscles in blood vessels, and the D2 receptor, which inhibits noradrenaline release from postganglionic sympathetic neurons. These two effects could explain the pre-operative hypotension in dopamine secreting tumor patients. Blood pressure is sometimes elevated after the removal of this tumor presumably because of the same mechanism [4, 5] . Extra-adrenal location, a tumor weight of more than 80 g, DNA aneuploidy or triploidy and persistent postoperative hypertension have also been reported as risk factors for malignant pheochromocytoma [10] . Because of the rarity of this tumor, there are no definite criteria for evaluating its malignant potential.
In conclusion, exclusively dopamine secreting paragangliomas are extremely rare. Lack of clinical symptoms and the rarity of this tumor can lead to the lack of, or a de-lay in diagnosis. In addition to radiologic imaging, dopamine assays in serum and 24-hour urine collection are useful diagnostic tests. Laparoscopic tumor removal is the treatment of choice without administration of a preoperative α-blocker. Prognosis is known to be poorer than that for pheochromocytomas.
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